Battery electric vehicles combined with renewable energies have a huge potential to reduce CO2-emissions, especially in the field of motorized individual transport. However, a future change from combustion engines to electric drives leads to new problems and challenges. From the perspective of energy engineering, among others, the following questions arise:
Introduction
The path to a sustainable and environmentally friendly mobility in the motorized individual transport will bring an increasing electrification of the drive train. In recent years, the battery characteristics have significantly improved. However, the achievable energy densities allow no ranges comparable to conventional vehicles. Therefore, for pure electric vehicles (EV) a charging infrastructure is necessary, which relies on an entirely different principle.
Electric vehicles normally will be charged at locations where they are parked, but not during an additional interruption along a trip. This will be only in exceptional cases the perfect solution for the EV.
The correct dimensioning of the charging infrastructure is based on the energy demand (proportional to the distances travelled) and the parking locations of the vehicles (with possibility to charge). This change also means that EV will be charged not only at critical points in public spaces, but to a large extent in private parking spaces and garages. This leads to a significant additional load for the distribution grid.
In this paper the methods and selected results produced by the Vienna University of Technology are discussed.
Travel survey data
As data basis for the following energy-related considerations two different data sets of the motorized individual transport in Austria are used.
The first, a survey based on GPS data logging, were designed and executed by the University of Natural Resources and Life Sciences Vienna. For this long-term survey (LTS) they have installed GPS logging devices in gasoline-powered vehicles of about 30 individual subjects. The continuous trip recording was carried out in Vienna and its surroundings for a period of more than three weeks per private car in the year 2010 [1] .
The second one is a national travel survey (NTS) based on one-day questionnaires. It was executed in Salzburg in the year 2004. Over 3400 private drivers were interviewed but only trips on weekdays (Mon-Fri) were considered [2] . For each trip of both surveys the parameters "start and end time", "duration", "distance" and "trip purpose" are extracted. Using the parameters, the driving profiles and parking profiles for each vehicle are created (see Figure 2 ). It is assumed that no vehicle is shared with another person.
The analysis of the traffic data (weekdays: Monday to Friday) for both surveys shows very similar results, despite different numbers of vehicles and different periods under observation. In Figure 1 the time course of parking locations for both surveys can be seen 1 . More than 85% of all vehicles park at home in the night between 00:00 and 04:00 a.m. and at least 35% at all times of the day. Further analyses reveal that the share of vehicles parked at work has its maximum at 10:00 a.m. and is about 46%. The next common parking locations are "Leisure" and "Visiting friends". However, they never achieve individually a proportion over 7%.
The results show that the vehicles principally park at the locations "at home" and "at work". Therefore, charging infrastructure should be primarily built at these two parking locations.
Vehicle-related modelling and simulation
To determine the energy requirements of the synthesized electric vehicles a physical respectively numerical simulation has been created by the Austrian Institute of Technology ( [1] , [3] ). The model was developed in DYMOLA and it is based on the MODELICA Standard Library. 1 It was assumed that each day around 17% of all vehicles didn't make a single trip. This should consider the "non-mobile persons" and was calculated from the LTS. In combination with the traffic data of the LTS they could calculate the specific consumption of an adequate electric vehicle. These results are also used for the continuing analyses of the NTS.
Based on the findings, in relation to parking location and energy demand of electric vehicles, in both research projects several modular MATLAB programs were developed. Those allow executing comprehensive energy-related analyses for both types of surveys. At the level of one battery electric vehicle (BEV) it is possible to generate the temporal profiles of the travelled distances, the parking locations, the state of charge (SOC) and the required load. Therefor the battery capacity, the relevant parameters of the charging characteristics, the expansion level of the charging infrastructure, the load power, the specific consumption, various losses and efficiencies, as well as several variants of consumption-and production-oriented charging strategies can be freely chosen and simulated. In the Following the modular programs will be referred to as MATLAB-Tool.
Feasibility analysis
The given charging infrastructure and battery capacity of an electric vehicle restrict the possible distance of the entire trip chain 2 .
Only trip chains which can be passed with a BEV -under the given Framework -are used in the following analyses. That means that the state of charge (SOC) always has to be above the minimum limit.
In the first step using the MATLAB-Tool a sensitivity analysis including the parameters "battery capacity" and "charging power" was carried out. The results of the sensitivity analysis of both surveys are shown in Figure 3 . The small marker points illustrate the findings of the individual variations, the major one the arithmetic mean. The influence of a parameter is given on the one hand by the course of the mean values and on the other by the dispersion of the individual variations.
The number of vehicles, which can be operated as electric vehicles, increase with growing of the parameter "battery capacity". The battery size 2 A "car trip" is defined as a single, one-way trip. Several successive car trips combined together are called trip chain.
clearly has the strongest influence on the satisfaction of the mobility needs, which is evident by the low dispersion of the individual variations. It was assumed that charging is only possible at the defined parking locations and interrupting a trip for recharge is not allowed.
However, the parameter "charging power" is in the middle constant for all three power values. In addition, the dispersion of the individual variations is relatively large and for this reason the charging power has a small influence on the satisfaction of the mobility needs.
As a result of the sensitivity analysis should be noted that a maximum connection power of In the LTS each vehicle was recorded at least three weeks. However, the NTS only consists of one-day data. Therefore, the individual daily data were randomly combined to produce continuously 7-day data chains (existing of several working days). In the next analysis each vehicle was consistently simulated for the entire observation period. It is intended to show only tendencies with the battery capacity range of 0 to 50 kWh. Today's battery capacities are rather in the range of 15 to 35 kWh (limited by two vertical dashed lines). The difference in the blue and green curves can be largely explained by the consideration of large trips in the LTS for "Visiting friends" at weekend -in contrast to the NTS.
Uncontrolled charging profiles
In this paper the term "uncontrolled charging" means, that the charging of the vehicle battery starts immediately after reaching a defined location equipped with a charging infrastructure. If there is only at home the possibility to charge the BEV, it represents the "worst case". This case plays a major role with respect to the electric grid load and so it will be discussed below. Figure 6 shows the time courses of the SOC, the parking locations and the load profile of an exemplary BEV. The curves were obtained using the aforementioned MATLAB tool, and it was assumed that the Li-Ion battery has a capacity of 25 kWh, which is operated within the SOC limits of 10 to 90%. The connecting power is 3.7 kW (~ 230 V, 16 A, single-phase) and the battery charger has a UIa characteristics implemented. Charging infrastructure is only offered at home.
To estimate the load of a power distribution grid, primarily the sum of the load profiles of the individual BEV is of interest. The normalized sum is diagrammed in Figure 5 for both surveys. There are only those vehicles considered with their mobility needs met, which can be operated as BEV. The comparison of the normalized total charging profiles shows equality in the peak load. They occur between 18:00 and 18:30 o'clock and reach a peak of around 0.55 kW per BEV. Differences in the courses are due to local conditions and due to Also significant is the comparison with the standardized household load profile. As shown in Figure 5 , the average peak load of uncontrolled loading of a vehicle (3.7 kW) is more than the half of the average peak load of the H0-profile and they occur nearly at the same time. This case would lead to a significant increase of peak load in the distribution grid in evening. 
PV-based charging strategy
To reduce the load peak of uncontrolled charging in the evening, charging infrastructure can be expanded or controlled charging can be used. This chapter examines in this regard a PV-based charging strategy.
In the field of electric vehicles, the choice of the energy source plays an important role. This is because, if vehicles should cause less CO2 emissions than conventional fossil-driven vehicles, preferably renewable resources (such as solar or wind) must be used.
In this specific case it is tried to cover the charging demand -locally and at the same time -by using photovoltaic. For the analyses of this case, averaged minute values of a real solar power system are used.
The parameter "total coverage" is set to one, which means that the generation of the solar power systems per year is equal to the energy demand per year of the BEV.
For the modelling only the NTS data are used and averaged 1.9 kWp / BEV of solar panels are installed at the parking location "at home". The average solar power generation is annually 1045 kWh / kWp.
The realization of the model was carried out in MATLAB and aims to use as much energy as possible directly from photovoltaic. For this, the charging must be moved from the evening hours into the day. The charging control is dependent on the SOC, and is optimally adjusted for each individual vehicle. The following results were calculated assuming an "individual trip forecast" and only a constant-current charging.
Figure 7: Average charging profiles for uncontrolled and PV-based charging at home (above: three days in July, below: three days in December) Figure 7 shows the optimized charging profile with PV usage for three exemplary days in June and December. For comparison, the uncontrolled load profile and the solar power profile is also diagrammed. It can be clearly seen that, on the one hand, a reduction of the grid load is possible in the summer through the direct PV usage. On the other hand, in winter almost the entire BEV energy must be provided by the distribution grid.
To reduce the peak load also in winter, e.g. the power demand has to be shifted into the night using controlled charging.
Viewed over the entire year, a self coverage of up to 25.4% can be achieved in this case. The self coverage is the ratio of the BEV energy demand, which can be met directly by photovoltaic. An additional solar power system at the workplace may lead to an improvement of the performance issues.
At this point it should be noted that the underlying solar power supply principle has a positive effect on the voltage stability in the distribution grid. However, excessive solar power supplies can cause overvoltage and the use of singlephase inverters generates unbalanced loads.
Summary
At the Austrian research projects "Smart Electric Mobility" and "V2G Strategies" a three-weeklong GPS-based survey was generated and a national travel survey based on one-day questionnaires was used. Both are in the range of motorized individual transport in Austria. Based on these surveys, on the one hand, valuable information about travel behaviour and the satisfaction of the mobility needs are given and, on the other hand, important decisions for uncontrolled and PV-based charging of electric vehicles are attained.
The sensitivity analyses of the parameters "battery capacity", "charging power" and "charging infrastructure" and its follow-up feasibility analysis results in the future charging infrastructure needs. For the most vehicles a charging infrastructure "at home" and "at work" is adequate and connection powers above 3.7 kW are not necessary. However, the most important criterion for the satisfaction of the mobility needs is the battery capacity.
For uncontrolled charging at home with 3.7 kW the additional grid load is about 0.55 kW per BEV. To prevent overloading in the distribution grid, charging infrastructure can be expanded or controlled charging can be used. In this paper a PV-oriented charging strategy is introduced.
If a solar power system is installed at the parking location "at home" and the photovoltaic is directly used for charging the electric vehicles, coverage rates of about 25% can be achieved under the given framework -without compromising the everyday mobility needs.
